Introduction

43
Sexual selection and other forms of natural selection very often have opposite effects on the 44 evolution of phenotypes. This happens because the trait expression that optimizes mating 45 success usually does not optimize other fitness components, e.g. survival (Darwin 1871, 46 Andersson 1994). However, in some cases, at least during certain period of time, both sexual 47 and natural non-sexual selection might produce the same kind of evolutionary change in a Therefore, looking for costs may provide useful information to determine whether sexual 61 selection has been really involved in the evolution of putative sexual traits.
62
A bird species in which sexual versus natural non-sexual selection effects have been 63 extensively studied during recent decades is the barn swallow (Hirundo rustica), a small 64 passerine with outermost tail feathers much longer than the rest of the tail and longer in males 65 than in females (Cramp 1988 , Møller 1994 . A number of studies have concluded that these 66 4 feathers have evolved through sexual selection because long feathers make the bearer a more 67 attractive sexual partner (Møller 1988 (Møller , 1992 , although they entail viability costs (Møller 68 1989, Møller and de Lope 1994) . However, other studies have suggested that these feathers 69 might have evolved solely through natural non-sexual selection because they improve flight 70 performance, specifically in tight turns (Norberg 1994 (Norberg 1994 ), but cause only drag in level flight (Thomas 1993, 97 Thomas and Balmford 1995). Therefore, assessment of the aerodynamically optimal tail 98 length would require estimating the optimal length for each type of flight and combining these 99 lengths in such a way that the relative importance of each type of flight is taken into account.
100
An alternative to this procedure might be the use of physiological parameters that integrate 1985, Hõrak et al. 1998 ). This is particularly evident in species that feed on the wing and 108 migrate long distances, such as the barn swallow (Cramp 1988 , Turner 2006 . season, a stronger decrease in haematocrit would be expected in birds with tail length closer 118 to the aerodynamic optimum. This is because it would take less effort for birds with 119 aerodynamically optimal tails to fly, thus consuming less oxygen in muscular activity and 120 achieving the most efficient oxygen uptake with lower haematocrit levels (for the rationale of 121 this experiment see also Saino et al. 1997b ). The results of the study carried out in southern but are also more difficult and energetically expensive to catch (Turner 1982 
148
In this study, we used data on phenotypic condition from a previous experiment The last two physiological traits were calculated from blood smears, which were 
Results
309
The only variable significantly related to weight change in barn swallows was experimental 310 treatment (Table 1) , mainly because weight decreased in barn swallows with tails shortened 311 by 11 mm but did not change significantly in the other two experimental groups (Fig. 1a) .
312
Weight change in the experimental group with tails shortened by 21 mm was intermediate 313 between the other two groups (Fig. 1a) . Barn swallows with tails shortened by 11 mm did not (Table 1) . Change in leukocyte concentration differed among the three experimental groups, 320 mainly because leukocyte concentration decreased (i.e., health improved) in barn swallows 321 with tail shortened by 11 mm, but did not change significantly in the other two groups (Fig.   322 1b). In this case, barn swallows with tail shortened by 11 mm showed the most improvement 323 in health, as predicted if streamers have been elongated 10-12 mm by sexual selection.
324
Leukocyte concentration was also significantly related to sex and date of capture (Table 1) (Table 1) . Sedimentation rate increased in birds with tails shortened by 21 mm, 332 but did not change significantly in the other two groups (Fig. 1c) . H/L, however, did not 333 change significantly in any of the experimental groups (Fig. 1d) . concentration, an index of health status (Fig. 1b) . However, changes in weight suggest the 343 opposite, as body condition deteriorated in birds with tails shortened by 11 mm compared to 344 the other two experimental groups, or at least to birds with tail shortened by 1 mm (Fig. 1a) . (Table 1) . It should be noted that changes in phenotypic condition were 352 checked only once, around one month after tail length manipulation, so longer-term effects 353 could not be assessed in this study and, therefore, cannot be ruled out. At first sight, some 354 results are consistent with tail streamers being 10-12 mm longer than the aerodynamic 355 optimum while others contradict it, so this study would not allow us to reach any conclusion.
356
A closer examination, however, may reveal a possible explanation for these findings and shed 357 some light on tail-length evolution (see below).
358
One of the most interesting results of this study was that health of birds with tails result, the opposite, or even both (contradictory results from different traits, as is the case in 383 our study) might be found. As explained in the Introduction, we studied physiological traits 384 presumably related to the probability of survival, a fitness component that was expected to 385 deteriorate when tail length was displaced from the aerodynamic optimum. However, owing 
389
Unfortunately, direct survival information was not available.
390
Although survival was not studied directly, and despite the possible trade-off between 391 the immune function and body condition, our study can still provide information on tail length 392 evolution. Interestingly enough, our results suggest a turning point for some parameters used 393 to estimate phenotypic condition when the tail was shortened by 11 mm (Fig. 1) . This means 394 that shortening tails more (21 mm) or less (1 mm) had similar effects on flight performance, 395 but both effects differed (they might be either beneficial or detrimental) from the effect of 396 shortening the tail by 11 mm. The most plausible explanation for this turning point is that 397 overall phenotypic condition improved in the group of birds with tails shortened by 11 mm 398 more than in the other two groups, as shown by the decrease in blood leukocyte concentration 399 (Fig. 1b) . The decrease in weight when the tail was shortened by 11 mm (Fig. 1a) 
408
An alternative explanation for the turning point is that overall phenotypic condition 409 deteriorated in the group of birds with tail shortened by 11 mm more than in the other two 410 groups, as shown by the decrease in weight (Fig. 1a) . The decrease in blood leukocyte 411 concentration when the tail was shortened by 11 mm (Fig. 1b) might be the consequence of a However, in our study, this explanation does not seem probable, because the group of birds (Table 1) .
438
Experimental tail length manipulation had an effect on phenotypic condition, but 439 interestingly, this effect was similar in males and females, as suggested by the non-significant 440 interactions between treatment and sex (Table 1) . This result agrees with previous studies that preference to mate with long-tailed males (Møller 1988) , and a strong genetic correlation 447 between the sexes for tail length (Møller 1993) would cause tail lengthening also in females. 
